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The relation between diffraction in lepton-proton collisions and shadowing of nuclear 
structure functions which arises from Gribov inelastic shadowing, is described. A model 
realizing such relation, which produces a parameter-free description of experimental data 
on nuclear structure functions at small x, is presented. The application to the description 
of multiplicities in nuclear collisions is discussed and related to other approaches. 
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1. Introduction and formalism 

The modification of parton densities inside nuclei UJ^I is one the most interesting 
nuclear effects. It has strong practical implications on particle production in nuclear 
collisions and also offers the possibility to constrain theoretical models. We will 
be interested here ^ in the region of small x, x < 0.01, relevant for high energy 
collisions. The observed feature in this region where isospin corrections are negligible 
is that F2A < AF2p i.e. the shadowing phenomenon. Explanations of this shadowing 
range from leading twist to all twist effects. Here (see ^ for longer discussions, 
model description, a more extensive comparison with experimental data and other 
models, and full references) we examine the possibility of describing the small x 
data on nuclear structure functions by the relatio n betw een diffraction and nuclear 
shadowing which comes from inelastic shadowing EEEI 
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Reggeon Field Theory^ and its extension nuclei are pre-QCD models in the 
form of field theories, which have been very successful in describing experimental 
data on hadronic collisions for the last 40 years. In Fig. ^ we show the relation 
between the diagrams describing diffraction in 7*-nucleon collisions and double 
rescattering of the 7* on a nucleus. In such relation the cut through an intermediate 
state of the hadronic component of the 7* with arbitrary mass M 2 occurs, the 
so-called Gribov inelastic shadowing EE1 Through the AGK cutting rules ^ the 
contribution of the cut between the amplitudes exchanged with the nucleus is minus 
the total 2-scattering contribution, 

d 2 b T 2 A {b) / dM 2 
Jm 2 . 



i M 2 dM 2 dt 



F A (tmin)i (1) 



= 



with M 2 nin = Ami = 0-08 GeV 2 , M 2 lax fixed by x P < 0.1, T A (b) the nuclear 
profile function normalized to 1 and coherence effects, important for not so small 
x > (Raitin)^ 1 , included in 



F A (t m in) = d bJ (by/-t min )T A (b), t mm = -m N x P . (2) 




Fig. 1. Link between the diffractive cut and double scattering which produces the first correction 
(nuclear shadowing) to the additivity of cross section on a nucleus. 

Higher order rescatterings are model-dependent 121 . To estimate such uncertainty we 
use two models: 

offiffo) TAb) ggkW _ 1 - e -2(A~i)f(^Q 2 )T A (b) 

Aa^ N ~ l + (A-l)f(x,Q 2 )T A (b) > Aa rN ~ 2(A - l)f(x,Q 2 ) ' ( } 

with f(x,Q 2 ) chosen to match the two scattering result. 

For the diffractive cross section on the nucleon da / dM 2 dt\ t= o , we use a model 
^ which includes as main ingredients a separation between short distance (modeled 
in the dipole model) and long distance (modeled by a pomeron + 1 lower Regge 
trajectory) contributions, with separation ro = 0.2 fm, and a triple pomeron con- 
tribution required to describe diffraction. With 9 fitted parameters it provides a 
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good description of F 2 and F 2 -p for the proton at x < 0.01, Q 2 < 10 GeV 2 . The 
i-dependence of the diffractive cross section is taken oc exp (Bt) with B = 6 GeV -2 . 

2. Nuclear structure functions 

Within the explained formalism we obtain a parameter-free description of shadowing 
in nuclear structure functions. In Fig. [21 the results of the model for the ratios 
R(A/B) i = (Ba^* a) /jAa 7 * b) are compared with experimental data for C/D, Ca/D, 
Pb/D 1121 and Xe/DEl Both results, joined by straight lines, and data have been 
obtained for a different Q 2 at each value of x. Taking into account the absence of 
free parameters, the agreement can be considered as quite good. In Fig. |3 results 
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Fig. 2. Results of the model using Schwimmer (Schw, solid lines) and eikonal (eik, dashed lines) 
unitarization compared with experimental data versus x, for the ratios C/D, Ca/D, Pb/D and 
Xe/D by the E665 Collaboration (filled circles correspond to the analysis with hadron requirement 
and open circles to that with electromagnetic cuts, see the experimental paper for more details). 

of the model are compared with data on the Q 2 evolution of the ratio Sn/C 
at fixed x. The model shows too flat a behavior, which may point to the lack of 
perturbative (DGLAP) evolution to be eventually applied for Q 2 of the order or 
larger than a few GeV 2 . Predictions for smaller x which may be relevant for future 
lepton-ion colliders can be found in ^ together with a comparison among available 
models, which could be verified through a measurement of R(A/B) with ~ 10% 
precision at x ~ 10~ 4 , Q 2 - 2 GeV 2 . 
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Fig. 3. Results of the model using Schwimmer (solid lines) and eikonal (dashed lines) unitarization 
compared with experimental data versus Q 2 , for the ratio Sn/C by the NMC Collaboration at two 
fixed small values of x. 



3. Multiplicities 

Using the AGK rules ^ it can be shown (Fig. 0} within this kind of models 
that multiplicities are proportional to the numb er of nucleon-nucleon collisions 
ABT AB (b)/a AB (b) times a reduction factor EO 



A 



y*=0 



X R B (b-s) 



B 



Fig. 4. Diagram showing the contribution to particle production in AB collisions. 
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, 2 R A (s,y*)R B (s-b,y*) 



withT AB (b) = J d 2 sT A (s)T B {s-b), R A {s,y*) =T A { S )/ll + (A-l)f(y* 1 Q 2 )T A (s)}, 
R A oc A -1 / 3 . Function f(y*,Q 2 ) can be computed in several ways El It can be 
taken from the model described in the previous section but with integration limits 
inspired by the parton model: for projectile A (target B), x A m) = m T e ±v / y/s with 
y* > for the projectile hemisphere and y* < for the target one, M« B " = 
Q 2 (xp m ax/x A (B) - l) = Q 2 (xp ma xVse Ty * /m T - l), M^ m fixed and equal to 
0.08 GeV 2 , and Q 2 = m\ = 0.4 GeV 2 . On the other hand, the reduction factor can 
be computed as inli^l 



/( S) y*)=47T / dy 



Un 



<Jp(s) dydt 



F A {tmin)i (5) 



t=0 



with y^ B)) =ln( S /M^4 (B)) ) and ^i x S)) =ln (s/m 2 T )/2 T y*. <tp(s) (d(7 p ^/dydt) 
is the single (triple) Pomeron cross section with parameters^ taken from 11^1 Fig.0 
shows predictions for differen t symmet ric nucleus- nucleus collisions at y* = 0. The 
reduction factor 0} is needed LUaJ-Llial to agree with experimental data. 




b (fm) b (fm) 

Fig. 5. Results of the model for the multiplicity reduction factor versus impact parameter b at 
y* = 0, for AuAu collisions at \/s = 19, 130 and 200 GeV per nucleon, and for PbPb collisions 
at y/s = 5500 GeV per nucleon, in the parton model-like realization (solid lines) and for a triple 
pomeron contribution alone (dashed lines), see the text for explanations. 
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4. Comments 

In this contribution we have explored how lcpton-nuclcon scattering can be related 
to lepton-nucleus and nucleus- nucleus through Gribov inelastic shadowing within 
the framework of Glauber-Gribov theory. Other relations have been found within 
saturation physics. The model we have presented shows some similarities to satu- 
ration ideas. Shadowing is taken into account by similar diagrams. A factorization 
formula analogous to has been shown E01 1 hold in saturation for gluon produc- 
tionin proton-nucleus collisions. It is also usually employed for nucleus-nucleus e.g. 
inEH, but in this case corrections to factorization have been found ~ ™. Studies at 
higher energies on the centrality dependence of multiplicities at fixed and integ rate d 
transverse momentum will help to discriminate between available approaches ^( 
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